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Article 34 Amendment 
SEMICONDUCTOR DEVICE MANUFA CTURING METHOD AND PLASMA PROCESSOR 

Technical Field 

[0001] The present invention relates to a plasma processor that 
5 generates plasma to perform etching or the like of a semiconductor 
wafer or the like and to [ a method for oupprcooing charging of a 
component in a vacuum processing chamber of ] a semiconductor device 
manufacturing method using the plasma processor. 



10 Background Art 

[0002] Conventionally, plasma processors that generate plasma to 
apply predetermined processing to an object to be processed by the 
action of the plasma have been often used. 

[0003] For example r in a semiconductor device manufacturing field, 
15 etching and film deposition are conducted by the action of plasma 
on a substrate to be processed such as a semiconductor wafer or the 
like when a microscopic circuit structure of a semiconductor device 
is to be formed. 

[0004] In such a plasma processor, since plasma is generated in 
2 0 a vacuum processing chamber, the temperature may possibly rise due 
to the action of the plasma. Therefore, many plasma processors are 
provided with a temperature control mechanism for controlling the 
temperature of a predetermined portion. 

[0005] For example, in a plasma processor of a so-called parallel 
25 plate type that applies high frequency power between an upper 
electrode and a lower electrode facing each other to generate plasma, 
a mounting table ( susceptor ) for placing a substrate to be processed 
such as a semiconductor wafer thereon also functions as the lower 
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electrode. A flow path of a heat medium is formed in a block made 
of a conductive material (for example, aluminum or the like) which 
forms the lower electrode, and an insulating fluid as the heat medium, 
for example, a fluorinated insulating fluid is circulated in the 
5 flow path for temperature control of the semiconductor wafer or the 
like. 

[0006] Examples of the fluorinated insulating fluid are, 
Fluorinert (trademark: manufactured by Sumitomo 3M) (fluorinated 
inert liquid composed of carbon and fluorine) , GALDEN HT (trademark: 
10 manufactured by Augimont ) ( perf luoropoly ether composed of fluorine, 
carbon, and oxygen), and so on. These insulating fluids have a 
thermal conductivity (25°C) of about 0.06 W/mk, a volume resistivity 
(25°C) of about IE 17 to IE 18 Q-m, and a permittivity (25°C, 1 kHz) 
of 1.5 to 2.Q. 

15 [0007 ] Further, in many of plasma processors as structured above, 
an electrostatic chuck is provided on the block made of aluminum 
or the like which constitutes the aforesaid lower electrode, and 
the electrostatic chuck holds a semiconductor wafer or the like by 
suction. Such an electrostatic chuck is formed such that an 

20 electrode for electrostatic chuck is disposed in an insulating film 
made of an insulative material. Further, in order to achieve high 
efficiency and accuracy of the aforesaid temperature control of a 
semiconductor wafer or the like, many plasma processors have a 
cooling gas supply hole passing through the lower electrode and the 

2 5 electrostatic chuck and cooling gas such as helium is supplied to 
a rear surface side of the semiconductor wafer or the like from the 
cooling gas supply hole. 

[0008] In the above-described plasma processor, if there is time 



before processing of a subsequent lot after the completion of 
processing of some lot, the processor is set on standby (idle state) 
to prevent particles from staying in the vacuum processing chamber 
and moisture from adhering to a wall surface and the like of the 
5 vacuum processing chamber so that processing can be started in a 
clean environment when the lot to be processed next is transferred 
thereto . 

[0009] In such an idle state , conventionally, the vacuum 
processing chamber is supplied with inert gas such as nitrogen gas 

10 at a predetermined flow rate and is vacuumized while undergoing no 
pressure control. As a result, the pressure in the vacuum 
processing chamber is, for example, 5 Pa or lower. 
[0010] Meanwhile, the circulation of the insulating fluid in the 
flow path of the lower electrode is not stopped but is continued., 

15 [0011] However, if the idle state as described above continues 
for a long time, the circulation of the insulating fluid causes the 
generation of electrostatic due to friction between an inner wall 
of the flow path and the insulating fluid and electric charges are 
accumulated in the lower electrode. Further, since an upper portion 

20 and so on of the lower electrode are covered with the insulative 
material for electrostatic chuck, the accumulation of the electric 
charges results in increase in charged voltage. FIG. 6 shows the 
result of measuring such a time -dependent increase in charged 
voltage, the solid line F in FIG. 6 showing the result when the flow 

2 5 rate of the insulating fluid is set to 201 /minute and the solid line 
G showing the result when the flow rate of the insulating fluid is 
set to 301 /minute. 

[0012] As shown in the drawing, in both cases where the flow rate 



of the insulating fluid was set to 201/minute and 301/minute, the 
charged voltage increased with time to reach 8000 V or higher. 
Further, as the flow rate of the insulating fluid was higher, the 
charged voltage increased in a shorter time, i.e., it took about 
5 3 hours for the charged voltage to reach 8000 V or higher in the 
case of the 301 /minute flow rate while about 8 hours in the case 
of the 201/minute flow rate. 

[0013] For reference, the result of similar measurement of the 
charged voltage under varied temperatures of 0°C, 20°C, and 40°C of 

10 the insulating fluid showed that the charged voltage becomes higher 
as the temperature of the insulating fluid becomes higher. This 
is supposed to be because lowered viscosity due to the temperature 
rise of the insulating fluid increases the velocity of the insulating 
5 . fluid, so that an amount of electrostatic generated by the friction 

15 between the inner wall of the flow path and the insulating fluid 
becomes larger. 

[0014] Further, it was found from a breakdown test that electric 
discharge occurred between the electrode of the electrostatic chuck 
and the lower electrode (aluminum block) at an instant when the 
20 charged voltage reached about 8000 V, which may possibly cause 
breakdown of the insulating film of the electrostatic chuck, as shown 
in FIG. 7. 

[0015] Incidentally, the increase in the charged voltage as 
described above can be prevented by switching the potential of the 
25 lower electrode to a ground potential during the idle state, but 
if such a switching operation is not performed surely, there is a 
possibility of breakdown or the like of the insulating film of the 
electrostatic chuck due to the increase in the charged voltage as 



Article 34 Amendment 

described above. 
Disclosure of the Invention 

[0016] Therefore, it is an object of the present invention to 
5 provide [ a method for suppressing charging of a component in a vacuum 
processing chamber of a plasma proccooor ] fr^np conductor device 
manufacturing method and a plasma processor which are capable of 
preventing a component in a vacuum processing chamber of the plasma 
processor from being charged to high voltage and protecting an 
10 insulative material against breakdown caused by electric discharge 
or the like. 

[0017] According to the present invention , provided is a [ method 
for suppressing charging of a component in a vacuum processing 

. . chamber of a plasma processor ] semiconductor device manufacturing 

15 method u sin g a pl asma processor, the plasma processor including: 
a vacuum processing chamber in which plasma is generated to 
plasma-process an object to be processed; a block [ made of a 
conductive material and ] having a flow path of a heat medium in an 
inner part thereof; and a component in the vacuum processing chamber 

2 0 disposed to be in contact with the block and made at least partly 
of an insulative material, and the plasma processor controlling 
temperature of the component in the vacuum processing chamber by 
circulating an insulating fluid as the heat medium in the flow path, 
[ wherein, when the insulating fluid is circulated in the flow path 

2 5 whilo the object to be processed is not in the vacuum processing 
chamber and no plasma is generated , pressure in the vacuum processing 
chamber is controlled to a predetermined pressure while inert gas 
is supplied into the vacuum processing chamber, thereby suppressing 

5 
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increase in charged voltage of the component in the vacuum proooooing 
chamber ] and the method i ncluding; carrying the object to be 
processed into the vacuum processing chamber, genera ting Plasma to 
plasma- process the object to be processed, and carrying the object 
5 to be processed th at has undergone the processing oiit Of the vacuum 
processing c haml?^; hfitMBBD processing of the object to be 

processed and proce ssing of a subsequent object to be Processed, 
circulating the insulating fluid in the flow path while t he object 
to be processed is not in the vacuum processing Chamber and no plasm 
10 is generated, and controlling pressure in the vacuum processing 
cha m ber to a predetermined pressure whi l e supp l ying inert gas i nto 
the vacuum processing chamber . 
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[0018] A plasma processor of the present invention is a plasma 
processor including: a vacuum processing chamber in which plasma 
is generated to plasma -process an object to be processed; a block 
[ made of a conductive material and ] having a flow path of a heat 
5 medium in an inner part thereof; and a component in the vacuum 
processing chamber disposed to be in contact with the block and made 
at least partly of an insulative material, and the plasma processor 
controlling temperature of the component in the vacuum processing 
chamber by circulating an insulating fluid as the heat medium in 

10 the flow path, wherein, when the insulating fluid is circulated in 
the flow path while the object to be processed is not in the vacuum 
processing chamber and no plasma is generated, pressure in the vacuum 
processing chamber is controlled to a predetermined pressure while 
inert gas is supplied into the vacuum processing chamber [ , thereby 

15 suppressing increase in charged voltage of the component in the 
vacuum processing chamber ] . 

[0019] The present invention is also characterized in that the 
insulating fluid is a fluorinated refrigerant. 

[0020] The present invention is also characterized in that volume 
20 resistivity of the insulative material is 10 9 Q-cm or higher, and 
is also characterized in that the insulative material is ceramic. 
[0021] The present invention is also characterized in that the 
component in the vacuum processing chamber is an electrostatic chuck 
and the block is a lower electrode made of aluminum. 
2 5 [0022] The present invention is also characterized in that the 
vacuum processing chamber has an upper electrode disposed in 
parallel with the lower electrode at a position a predeteremined 
distance away from the lower electrode, and the predetermined 
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pressure is not lower than 0.6 times nor higher than 2.0 times a 
pressure that is calculated based on a minimum sparking condition 
of a Paschen's curve determined for each kind of the inert gas when 
a discharge distance is defined as the predetermined distance. 
5 [0023] The present invention is also characterized in that the 
inert gas is nitrogen gas and is also characterized in that the 
predetermined pressure is not lower than about 13 Pa nor higher than 
about 40 Pa. 

[0024] The present invention is also characterized in that the 
10 predetermined pressure is intermittently controlled, and is also 
characterized in that the intermittent pressure control is 
performed while a flow rate of the inert gas is varied, or the 
intermittent pressure control is performed by a pressure 
.controlling device while a flow rate of the inert gas is fixed. 
15 [0024a] The present inve ntion is also characterized in that the 
block is made of a conductive material. 

[0024b] The present invention is also characterized in that 
charging of the component in the vacuum processing cham ber is 
suppressed. 



Brief Description of Drawings 

[0025] FIG^J^is a view showing a schematic configuration of a 
plasma processor according to an embodiment of the present 
invention . 

25 [0026] FIG_ : _2^is a chart showing operation timings of major 
portions in the plasma processor in FIG. 1 

[0027] FIG. 3 is a chart showing time-dependent change of charged 
voltage in the embodiment as compared with that in a conventional 
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example . 

[0028] FIG.^^is a chart showing a Paschen's curve. 
[0029] FlG J __5-is a chart showing time-dependent change of the 
charged voltage when pressure control is performed. 
5 [0030] FIG .6 is a chart showing time-dependent change of the 
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charged voltage • 

[0031] FIG. 7 is a chart showing time-dependent change of the 
charged voltage when a breakdown inspection is conducted. 



5 Best Mode for Carrying out the Invention 

[0032] Hereinafter, an embodiment of the present invention will 
be described in detail with reference to the drawings. FIG. 1 
schematically shows a rough structure of an entire plasma processor 
( etching device) according to an embodiment of the present invention. 
10 In the drawing, the reference numeral 1 denotes a cylindrical vacuum 
chamber made of a material, for example, aluminum or the like. The 
inside of the vacuum chamber 1 is airtightly closable and forms a 
vacuum processing chamber. 

[0033] The vacuum chamber 1 is connected to a ground potential, 
15 and a block-shaped mounting table 2 made of a conductive material, 
for example, aluminum or the like which also functions as a lower 
electrode is disposed in the vacuum chamber 1. 

[0034] The mounting table 2 is supported in the vacuum chamber 

1 via an insulating plate 3 made of ceramic or the like, and an 
2 0 electrostatic chuck 4 is provided on a surface of the mounting table 

2 on which a semiconductor wafer W is to be placed. The electrostatic 
chuck 4 is structured such that an electrode 4a for electrostatic 
chuck is provided in an insulating film 4b made of an insulative 
material, and a DC power source 5 is connected to the electrode 4a 

25 for electrostatic chuck. 

[0035] The insulating film 4b of the electrostatic chuck 4 is made 
of a material, for example, alumina ceramic (Al 2 0 3 ), and is formed 
by thermal spraying, sintering, or the like . The volume resistivity 



of the insulating film 4b in this case is about 10 9 to 10 14 Q-cm or 
higher. As a material of the insulating film 4b, also usable is 
yttria, silicon nitride, or the like, and resin such as polyimide 
is also usable. 

5 [0036] The mounting table 2 has therein a heat medium flow path 
6 in which an insulating fluid as a heat medium for temperature 
control is circulated, and a gas flow path 7 (the area of a cross 
section of the flow path is 165 mm 2 and the length is about 5 m) 
for supplying temperature controlling gas such as helium gas to a 

10 rear surface of the semiconductor wafer W. 

[0037] The insulating fluid controlled to a predetermined 
temperature is circulated from a chiller 6a into the heat medium 
flow path 6 at about 301/min, thereby controlling the mounting table 
2 to a predetermined temperature. Further, the temperature 

15 controlling gas is supplied between the mounting table 2 and the 
rear surface of the semiconductor wafer W via the gas flow path 7 
to promote heat exchange therebetween, so that the semiconductor 
wafer W can be controlled to a predetermined temperature accurately 
and efficiently. As the insulating fluid, used is, for example, 

20 the aforesaid f luorinated insulating fluid (for example, Fluorinert 
(trademark: manufactured by Sumitomo 3M) (f luorinated inert liquid 
composed of carbon and fluorine), GALDEN HT (trademark: 
manufactured by Augimont ) ( perf luoropolyether composed of fluorine, 
carbon, and oxygen) or the like). 

25 [0038] A focus ring 8 made of a conductive material or an 

insulative material is provided along an upper outer periphery of 
the mounting table 2. Further, a power supply line 9 for supplying 
high frequency power is connected to a substantially center of the 



mounting table 2. A matching box 10 and a high-frequency power 
source 11 are connected to the power supply line 9. The high- 
frequency power source 11 supplies the mounting table 2 with high 
frequency power having a predeteremined frequency , for example, a 
5 frequency in a range of 13.56 to 150 MHz . Moreover, a ring-shaped 
exhaust ring 12 having a large number of exhaust holes is provided 
outside the focus ring 8. An exhaust system 14 connected to an 
exhaust port 13 vacuumizes processing space in the vacuum chamber 
1 via the exhaust ring 12. Note that the exhaust system 14 is 
10 constituted of a vacuum pump for evacuation, a pressure controlling 
device (APC) for pressure control, and so on. 

[0039] A showerhead 15 is provided on a ceiling of the vacuum 
chamber 1 above the mounting table 2 to face the mounting table 2 
in parallel, and the showerhead 15 is grounded. Therefore, the 

15 mounting table 2 and the showerhead 15 function as a pair of 
electrodes (an upper electrode and a lower electrode). 
[0040] The showerhead 15 has a large number of gas holes 16 formed 
on a bottom face thereof and also has a gas introducing portion 17 
formed on an upper portion thereof. A gas dispersing space 18 is 

20 formed inside the showerhead 15. A gas supply pipe 19 is connected 
to the gas introducing portion 17 and a processing gas supply system 
20 is connected to the other end of the gas supply pipe 19. The 
processing gas supply system 20 is composed of: a processing gas 
supply source 20c for supplying various kinds of processing gases, 

25 for example, processing gas for etching and so on; a gas supply source 
for supplying inert gas for purging (for example, nitrogen gas, 
helium gas, neon gas, argon gas, or the like) , for example, a nitrogen 
gas supply source 20d; massflow controllers (MFC) 20a, 20b for 



controlling the flow rate of these gases; and so on. 
[0041] Around the outer side of the vacuum chamber 1, a ring- 
shaped magnetic field generating mechanism (ring magnet) 21 is 
disposed concentrically with the vacuum chamber 1 to generate a 
magnetic field in the processing space between the mounting table 
2 and the showerhead 15. The entire magnetic field generating 
mechanism 21 is rotatable around the vacuum chamber 1 by a rotating 
mechanism 22 at a predetermined rotation speed. 

[0042] Further, the vacuum chamber 1 has a pressure gauge 23 for 
measuring the pressure of the inside (vacuum processing chamber) 
thereof. A measurement signal of the pressure gauge 23 is inputted 
to the pressure controlling device (APC) of the exhaust system 14 
to be used for pressure control. 

[0043] A controller 24 centrally controls the operations of the 
above-described exhaust system 14, processing gas supply system 20 , 
chiller 6a, high-frequency power source 11, DC power source 5, and 
so on. 

[0044] Next, an etching operation of the etching device as 
structured above will be described. 

[0045] First, a not-shown gate valve provided in the vacuum 
chamber 1 is opened. Next, the semiconductor wafer W is carried 
into the vacuum chamber 1 via a load lock chamber (not shown) adjacent 
to the gate valve by a transfer mechanism (not shown) to be placed 
on the mounting table 2. Then, the DC power source 5 applies 
predetermined voltage to the electrode 4a for electrostatic chuck 
of the electrostatic chuck 4, so that the semiconductor wafer W is 
sucked by a Coulomb force. Thereafter, the gate valve is closed 
after the transfer mechanism retreats outside the vacuum chamber 

11 



1. 

[0046] Next, the pressure control device (APC) of the exhaust 
system 14 controls the inner pressure of the vacuum chamber 1 while 
the vacuum pump of the exhaust system 14 exhausts the inside of the 
5 vacuum chamber 1 through the exhaust port 13. Then, after the inner 
pressure of the vacuum chamber 1 reaches a predetermined vacuum 
degree, the processing gas supply system 20 introduces 
predetermined etching gas into the vacuum chamber 1 at a 
predetermined flow rate, so that the inside of the vacuum chamber 
10 1 is kept at a predetermined pressure, for example, about 1 to about 
133 Pa (10 to 1000 mTorr) . 

[0047] Then, in this state, the high-frequency power source 11 
supplies the mounting table 2 with high frequency power having a 
predetermined frequency (for example, 13.56 MHz)., _ 

15 [0048] In this case, the high frequency power is applied to the 
mounting table 2 functioning as the lower electrode, so that a high 
frequency electric field is formed in the processing space between 
the showerhead 15 functioning as the upper electrode and the mounting 
table 2 functioning as the lower electrode, and a magnetic field 

20 is generated by the magnetic field generating mechanism 21, and then 
etching with plasma is conducted in this state. 

[0049] Then, after the execution of the predetermined etching, 
the supply of the high frequency power from the high-frequency power 
source 11 is stopped to stop the etching, and the semiconductor wafer 
25 W is carried out of the vacuum chamber 1 in a reverse procedure to 
the aforesaid procedure. 

[0050] If there is time before processing of a subsequent lot 
after the completion of processing of some lot, the controller 24 



sets the plasma processor on standby (idle state) . This idle state 
is set in order to prevent particles from staying in the vacuum 
chamber 1 and moisture from adhering to an inner wall and the like 
of the vacuum chamber 1, so that processing can be started in a clean 
5 environment when the lot to be processed next is transferred thereto . 
[0051] FIG. 2 is a timing chart of the control by the controller 
24 when the plasma processor is set idle. 

[0052] As shown in FIG. 2, when the state of the vacuum processing 
chamber is switched to the idle state while the semiconductor wafer 
10 W is not placed in the vacuum processing chamber (vacuum chamber 
1) and no plasma is generated in the vacuum processing chamber , the 
nitrogen gas supply source 20d starts nitrogen gas purging (N 2 
purging) at the same time. 

[0053] In this idle .state, the insulating fluid is circulated,. in 
15 the heat medium flow path 6 by the chiller 6a . Further , the electrode 
4a of the electrostatic chuck 4 is in a state of being connected 
to the ground potential and the supply of the temperature controlling 
gas from the gas flow path 7 is in a stopped state. 
[0054] Incidentally , other inert gas, for example, argon gas or 
20 the like is also usable instead of the aforesaid nitrogen gas. 

[0055] Then, when five minutes have passed from the switching to 
the idle state, the APC of the exhaust system 14 starts pressure 
control of the inside of the vacuum processing chamber. This 
pressure control is performed so that the inside of the vacuum 
25 processing chamber comes to have a predetermined pressure of, for 
example, about 27 Pa (200 mTorr). 

[0056] The reason why the pressure control of the inside of the 
vacuum processing chamber is started when five minutes have passed 
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from the switching to the idle state is that the pressure control 
is started based on the expectation that the idle state will continue 
for a while thereafter because the idle state has continued for five 
minutes . However, the pressure control may be started concurrently 
5 with the switching to the idle state. Further, the pressure control 
may be started when, for example, three minutes, ten minutes, fifteen 
minutes, or the like has passed instead of five minutes based on 
the relation between the increase speed of the charged voltage 
dependent on the circulation flow rate of the insulating fluid and 
10 the charged voltage at which dielectric breakdown of the 
electrostatic chuck 4 occurs. 

[0057] FIG. 3 comparatively shows the relation between the 
charged voltage of the insulating film 4b of the electrostatic chuck 
4 and the time in the case where the. pressure control of the inside 

15 of the vacuum processing chamber is performed in the idle state as 
described above, and the relation between the charged voltage of 
the insulating film 4b of the electrostatic chuck 4 and the time 
in the case where the pressure control of the inside of the vacuum 
processing chamber is not performed in the idle state as in a 

2 0 conventional art. 

[0058] In this embodiment in which the pressure control of the 
inside of the vacuum processing chamber is performed in the idle 
state, the increase in the charged voltage can be greatly inhibited 
as shown by the dotted line A in the drawing compared with the case, 

25 shown by the solid line B, where the pressure control of the inside 
of the vacuum processing chamber is not performed in the idle state. 
Therefore, it is possible to prevent the occurrence of dielectric 
breakdown in the insulating film 4b of the electrostatic chuck 4 

14 



due to the increase in the charged voltage, thereby preventing the 
occurrence of chipping and the like in the insulating film 4b. 
[0059] Here, a possible reason why the increase in the charged 
voltage can be more inhibited here in the case where the pressure 
5 control of the inside of the vacuum processing chamber is performed 
in the idle state in the above-described manner to set the pressure 
inside the vacuum processing chamber to about 26.6 Pa, compared with 
the case where the pressure control is not performed (the pressure 
inside the vacuum processing chamber in this case is about 1.33 Pa) 

10 is that electric discharge occurs by the following two mechanisms. 
[0060] The first supposed mechanism is that, in accordance with 
the increase in the pressure inside the vacuum processing chamber, 
the number of gas molecules entering the inside of the gas flow path 
7 or. the like in the aluminum block constituting the mounting table 

15 2 becomes larger, and more electric charges are carried from the 
mounting table 2 by these gas molecules. The second mechanism is 
that electric discharge occurs between the gas flow path 7 and the 
showerhead 15 functioning as the upper electrode. 
[0061] Out of the above-described mechanisms, the latter one, 

20 i.e., easiness of the occurrence of the electric discharge between 
the gas flow path 7 and the showerhead 15 is known as showing a change 
represented by a curve called a Paschen's curve as shown in FIG. 
4. Note that the vertical axis shows sparking voltage (V) and the 
horizontal axis shows a gap length x pressure (pd) (m x Pa) in FIG. 

25 4. 

[0062] When nitrogen is used as a gas species, the minimum 
sparking voltage is 250 V and the gap length x pressure (pd) in this 
case is 0.76. Further, in the plasma processor shown in FIG. I, 

15 



the gap length (the distance between the mounting table 2 (a bottom 
portion of the gas flow path 7) and the showerhead 15) is about 43 
nun, and therefore, when the pressure is about 21 Pa (160 mTorr), 
the sparking voltage is 250 V which is the minimum sparking voltage, 
5 and electric discharge most easily occurs at this time according 
to the calculation. 

[0063] Further, as is apparent from FIG. 4, the Paschen's curve 
presents a gentle rise as the gap length x pressure (pd) increases 
from a point showing the minimum sparking voltage (the lowest point 
10 of the Paschen's curve) , while as it decreases, the Paschen's curve 
presents an abrupt rise. 

[0064] When the charged voltage at each pressure was examined with 
the aforesaid pressure in the vacuum processing chamber being varied, 
an effect of suppressing the charged voltage was observed at 

15 pressures of about 4 Pa (30 mTorr) or higher, and it was possible 
to well suppress the charged voltage at pressures in a range of about 
13 Pa (100 mTorr) to about 40 Pa (300 mTorr). Therefore, it is 
preferable to set the pressure in the vacuum processing chamber to 
about 13 Pa (100 mTorr) to about 40 Pa (300 mTorr). 

2 0 [0065] The above-described pressure range corresponds to not 
lower than about 0.6 times nor higher than about 2.0 times the 
pressure corresponding to the minimum sparking voltage in the 
Paschen's curve. Therefore, in order to easily cause the electric 
discharge to well suppress the charged voltage, the pressure in the 

2 5 vacuum processing chamber is preferably set to not lower than about 
0 . 6 times nor higher than about 2 . 0 times the pressure corresponding 
to the minimum sparking voltage in the Paschen's curve. 
[0066] FIG. 5 shows how the charged voltage changes when nitrogen 

16 



gas is supplied into the vacuum processing chamber under the 
controlled pressure of about 40 Pa (300 mTorr) when the vacuum chuck 
4 is in a state of being charged to a certain level of high voltage 
by the circulation of the insulating fluid in the heat medium flow 
5 path 6 while the inside of the vacuum processing chamber is 
vacuumized. 

[0067] As shown in FIG. 5, when the nitrogen gas is supplied into 
the vacuum processing chamber under the controlled pressure, the 
charged voltage greatly drops instantaneously and thereafter is 

1 0 kept substantially constant . In such changes of the charged voltage , 
the instantaneous drop of the charged voltage is supposed to be 
caused by the occurrence of electric discharge by the latter 
mechanism out of the aforesaid two mechanisms. Further , the 
substantially constant state of the charged voltage thereafter is-., 

15 supposed to be caused by the occurrence of electric discharge by 
the former mechanism. 

[0068] Incidentally , when the pressure control of the inside of 
the vacuum processing chamber is performed in the idle state, the 
charged voltage, after reaching a certain value, constantly keeps 

2 0 this value, and does not become larger than this value, as shown 
by the dotted line A in the above-described FIG. 3. This value was 
about 740 V when the pressure was set to about 27 Pa (200 mTorr) . 
When the pressure was set to about 13 Pa ( 100 mTorr) which is a lower 
limit in the aforesaid pressure range, this value was about 830 V, 

25 and therefore, though this value was higher than 740 V, an apparent 
difference in the effect was observed compared with the case where 
no pressure control was performed. 

[0069] Further, the charged voltage was examined with the 



aforesaid pressure being fixed and the flow rate of the nitrogen 
gas being varied to 286 seem and 714 seem. As a result, the obtained 
result showed that the flow rate of the nitrogen gas gives 
substantially no influence to the charged voltage under the fixed 
5 pressure if the flow rate is at least within the aforesaid range. 
Specifically, even if the flow rate of the nitrogen gas was increased 
from 286 seem to 714 seem, substantially no difference in the effect 
of reducing the charged voltage was observed when the pressure was 
fixed. Therefore, in order to reduce a consumption amount of the 
10 nitrogen gas, the flow rate of the nitrogen gas is preferably set 
relatively low. 

[0070] Further, since it takes at least about one hour for the 
charged voltage to rise to about several thousand volts as shown 
in the above-described FIG. 6 and so, on, the pressure control as 

15 described above may be performed intermittently instead of 

continuously. In such a case, the pressure control can be performed 
while the flow rate of the inert gas is varied or can be performed 
by a pressure control device while the flow rate of the inert gas 
is fixed. When the charged voltage is higher than a certain value, 

2 0 the effect of the pressure control appears in a short time as shown 
in FIG. 5, and therefore, the duration of the pressure control may 
be, for example, within one minute. Moreover, this embodiment shows 
the structure such that the high frequency power is applied to the 
mounting table 2 also functioning as the lower electrode and the 

25 DC voltage for sucking the semiconductor wafer W is applied to the 
electrode 4a for electrostatic chuck, but such a structure is also 
adoptable that superposed high frequency power and DC voltage are 
applied to the lower electrode and only an insulating film made of 
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an insulative material is disposed in place of the electrostatic 
chuck 4. 

[0071] As has been described hitherto, according to this 
embodiment, controlling the pressure inside the vacuum processing 
5 chamber in the idle state makes it possible to prevent the 

electrostatic chuck 4 being a component in the vacuum processing 
chamber from being charged to high voltage so that the insulating 
film 4b of the electrostatic chuck 4 is protected against breakdown 
caused by electric discharge or the like. Incidentally, in the 

10 above-described embodiment, described is the example where the 
present invention is applied to such a type of etching device that 
supplies the high frequency power only to the lower electrode, but 
the present invention is not limited to such a case, and is also 
applicable to any type of plasma processor, for example, such a type 

15 of etching device that supplies the high frequency power to both 
the upper electrode and the lower electrode, a plasma processor for 
film deposition, and the like. Further, in the above -de scribed 
embodiment, the charging of the electrostatic chuck 4 is described, 
but it is a matter of course that the present invention is similarly 

2 0 applicable to components in the vacuum processing chamber other than 
the electrostatic chuck 4. 

[0072] As described above, according to the present invention, 
it is possible to prevent a component in a vacuum processing chamber 
of a plasma processor from being charged to high voltage so that 
2 5 an insulative material is protected against breakdown caused by 
electric discharge or the like. 

Industrial Applicability 
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Article 34 Amendment 



[0073] A [ method for suppressing charging of a component in a 
vacuum processing chamber of a plasma processor] semiconductor 
device manufacturing method and a plasma processor according to the 
present invention are usable in the semiconductor manufacturing 
5 industry which manufactures semiconductor devices, and in other 
fields . 

[0074] Therefore it has industrial applicability. 
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